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(54) SLEEP STAGE DISCRIMINATING METHOD AND SLEEP STAGE 
DISCRIMINATING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method 
and a device for discriminating a sleep stage, which 
method and device are non-invasive to a subject and - > 3 
easy to be handled, considering the fact that a sleep fy-f?,^^^^ [- 
stage detecting device is not innovated at present 
which is easily available for the purpose of a personal 
health care, though it is effectual to know sleeping 
conditions and a sleeping quality in order to find out 
daily health status. 

SOLUTION: The sleep stage discrimination method 
and the sleep stage discrimination device for the 
subject in his/her sleeping hours, are composed of a 
non-invasive sensor disposed on a bed for detecting 
biological signals, a pair of detecting means for 

detecting pulse signals and breath signals from output of the non-invasive sensor, a first 
index value calculation means for determining an index value for discriminating the sleep 
stage from a standard deviation of fluctuations of a respiratory rate or a heart rate, a 
second index value calculation means for determining an index value for discriminating 
sleep stage from fluctuations of the heart rate or the respiratory rate, and a third index 
value calculation means for determining an index value of the sleep stage from a power 
spectral density obtained by giving Fourier transformation over the R-R interval signals 
detected from the heart rate signals. 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 
[Claim 1 ] 

The sleep phase judging approach which detects a respiratory signal and a heartbeat signal from the 
biomedical signal detected by the non-invasion sensor, makes one an index value at least among the 
heart rates extracted from the respiration rate and the heartbeat signal which were extracted from the 
respiratory signal, makes an index value further at least one of degree of dispersion of a respiration 
rate, and the degree of dispersion of a heart rate, and is characterized by to judge a sleep phase using 
these index values. 
[Claim 2] 

The sleep phase judging approach according to claim 1 characterized by making into an index value 
the value calculated from the power spectrum density for which it furthermore asked from the R-R 
interval signal of a heartbeat signal. 
[Claim 3] 

The sleep phase judging approach according to claim 2 characterized by judging a sleep phase from 
the 3rd index value calculated from the 1st index value calculated from the standard deviation of 
fluctuation of a respiration rate, the 2nd index value calculated from fluctuation of a heart rate, and 
the power spectrum density which performed and obtained the Fourier transform to the R-R interval 
signal detected from the heartbeat signal. 
[Claim 4] 

The 1st index value is the sleep phase judging approach according to claim 3 characterized by being 
the value which carried out moving- average processing, and which was calculated from the data of 
the standard deviation which asks for a standard deviation and continues from the data with which a 
respiration rate continues. 
[Claim 5] 

The 2nd index value is the sleep phase judging approach according to claim 3 characterized by being 
the value which removed the high frequency component and removed the low-frequency component 
by subtracting the moving average deviation over the long period of time of a heart rate from a heart 
rate signal by calculating the moving average deviation over the short period of a heart rate. 
[Claim 6] 

The 3rd index value is the sleep phase judging approach according to claim 3 characterized by being 
the ratio of the maximal value (LF) in the band of 0.05-0. 15Hz of the abbreviation for the power 
spectrum density of a heartbeat signal, and the maximal value (HF) in the band of 0.2-0.4Hz of 
abbreviation. 
[Claim 7] 

The 3rd index value is the sleep phase judging approach according to claim 6 characterized by being 
the value of the signal which removed the high frequency component and the low-frequency 
component from the signal of the ratio of the maximal value (LF) in the band of 0.05-0. 15Hz of the 
abbreviation for the power spectrum density of a heartbeat signal, and the maximal value (HF) in the 
band of 0,2-0.4Hz of abbreviation. 
[Claim 8] 

The 3rd index value is the sleep phase judging approach according to claim 7 characterized by 
removing a high frequency component and removing a low-frequency component by subtracting the 
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moving average deviation over the long period of time of said signal further by calculating the 
moving average deviation over the short period of the signal of the ratio of the maximal value (LF) 
in the band of 0.05-0. 15Hz of the abbreviation for the power spectrum density of a heartbeat signal, 
and the maximal value (HF) in the band of 0.2-0.4Hz of abbreviation. 
[Claim 9] 

The sleep phase judging approach according to claim 3 characterized by judging the time of the 
index value after [ 1 st ] measurement initiation tuming into below a predetermined value to be the 
time of hypnagogic. 
[Claim 10] 

The sleep phase judging approach according to claim 3 which compares the 2nd index value with the 
threshold set up beforehand, and is characterized by distinguishing a REM sleep phase and a non- 
REM sleep phase by the size. 
[Claim 11] 

The sleep phase judging approach according to claim 3 characterized by judging the depth of sleep 
of non-REM sleep in the combination of the size of the 1 st index value and tiie threshold set up 
beforehand, and the size of the 3rd index value and the threshold set up beforehand. 

[Claim 12] 

The non-invasion sensor which is sleep phase judging equipment which judges the sleep phase of the 
test subject under sleep, and detects the biomedical signal arranged on the berth, A detection means 
to detect a heartbeat signal and a respiratory signal from the output of said non-invasion sensor, 1st 
index value operation means to calculate the index value which judges a sleep phase from the 
standard deviation of fluctuation of said respiration rate, 2nd index value operation means to 
calculate the index value which judges a sleep phase from fluctuation of said heart rate. Sleep phase 
judging equipment characterized by consisting of 3rd index value operation means to calculate the 
index value of a sleep phase from the power spectrum density which performed and obtained the 
Fourier transform to the R-R interval signal detected from said heartbeat signal. 
[Claim 13] 

Said non-invasion sensor is sleep phase judging equipment according to claim 1 2 characterized by 
detecting a biomedical signal from the pressure variation signal in the tube which consisted of a fine 
differential pressure sensor which detects the pressure variation in a tube and a tube, and was 
detected by the fine differentiEil presswe sensor. 
[Claim 14] 

Said 1st index value is sleep phase judging equipment according to claim 12 characterized by being 
the value which carried out moving-average processing, and which was calculated from the data of 
the standard deviation which asks for a standard deviation and continues from the data with which a 
respiration rate continues. 
[Claim 15] 

The 2nd index value is sleep phase judging equipment according to claim 12 characterized by 
removing a high frequency component and removing a low-frequency component by subtracting the 
moving average deviation over the long period of time of a heart rate from a heart rate signal by 
calculating the moving average deviation over the short period of a heart rate. 
[Claim 16] , 
The 3rd index value is sleep phase judging equipment according to claim 12 characterized by 
removing a high frequency component and removing a low-frequency component by subtracting the 
moving average deviation over the long period of time of said signal further by calculating the 
moving average deviation over the short period of the signal of the ratio of the maximal value (LF) 
in the band of 0.05-0. 1 5Hz of the abbreviation for the power spectrum density of a heartbeat signal, 
and the maximal value (HF) in the band of 0.2-0.4Hz of abbreviation. 



[Translation done.] 
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* NOTICES * 

JPO and NCXPZ are not responsible £or any 
dcunages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

This invention relates to Nighttime and the method of judging a test subject's sleep phase by using a- 
less invasion detection means for the depth of the sleep under sleep to a test subject's body especially 
about the judgment approach of a sleep phase, 
[0002] 

[Description of the Prior Art] 

Although there are approaches, such as receiving a medical checkup periodically in a hospital as the 
approach of the individual health care, mental stress [ overlook / in many cases / and / in several 
months / by the medical checkup of about 1 time / abnormalities, such as a delicate change of the 
body, ] etc. is difficult to discover by a medical checkup, oral consultation, etc. 
[0003] 

In case it investigates about individual health condition, sleep is used as the barometer in many 
cases, and it is just going to be known well that sleep and health are related closely. The depth of 
sleep of health and Nighttime and its quality are closely connected with a temper of the next day or 
energy, on the other hand, when mental stress and condition are poor, change takes place to the 
transition pattern of the depth of sleep, or a sleep phase, and comfortable sleep is not obtained. 
[0004] 

After carrying out hypnagogic, a non-REM sleep phase and a REM sleep phase appear repeatedly at 
fixed spacing, but when having broken down condition, or when mental stress has started, it is 
known for healthy sleep that the rhythm will be confused. Therefore, by supervising the sleep phase 
and its generating pattern under sleep of Nighttime, it becomes possible to get to know the defect of 
a test subject's mental stress or condition. 
[0005] 

The approach using a sleep poly SOMUNO graph (PSG) as an approach of getting to know a certain 
sleep phase from the former is common. Although the activity of the cranial nerve system under 
sleep can be presumed from an electroencephalogram, surface myoelectric potential, eye movement, 
etc. and much information about sleep can be acquired, in order to measure by equipping a test 
subject's face and the body with many electrodes, the time for one week will be taken to be able to 
obtain natural sleep in the approach using PSG firom several. Therefore, the physical and corporal 
burden given to a test subject is very big, and the costs which this takes also become a large sum 
further. 
[0006] 

For this reason, even if it can grow into an effective cure that that PSG has a somnipathy uses it for a 

clear patient etc., it is difficult to use it for the everyday health care, 

[0007] 

[Problem(s) to be Solved by the Invention] 

Although it turns out that it is effective to get to know the condition of sleep and its quality in order 
to know a test subject's everyday health condition, the present condition is that there is now no 
detection equipment of the sleep phase which can be used easily [ the purpose of the individual 
health care ]. 
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[0008] 

Then, handling is easy for a test subject's body, without being non-invasion, namely, applying a 
corporal and mental burden to a test subject, and this invention aims at offering the approach and 
equipment which can judge the sleep phase of the daily still more nearly usable test subject in 
respect of a price and maintenance costs. 
[0009] 

[Means for Solving the Problem] 

The sleep phase judging approach of this invention detects a respiratory signal and a heartbeat signal 
from the biomedical signal detected by the non-invasion sensor, makes one an index value at least 
among the heart rates extracted from tiie respiration rate and the heartbeat signal which were 
extracted from the respiratory signal, makes an index value further at least one of degree of 
dispersion of a respiration rate, and the degree of dispersion of a heart rate, and is characterized by to 
judge a sleep phase using these index values. 
[0010] 

The 2nd invention is the sleep phase judging approach of the 1 st invention, and is characterized by 
making into an index value the value calculated from the power spectrum density for which it asked 
from the R-R interval signal of a heartbeat signal ftirther. 

[0011] 

The 3rd invention is the sleep phase judging approach of the 2nd invention, and is characterized by 
judging a sleep phase from the 3rd index value calculated from the 1 st index value calculated from 
the standard deviation of fluctuation of a respiration rate, the 2nd index value calculated from 
fluctuation of a heart rate, and the power spectrum density which performed and obtained the Fourier 
transform to the R-R interval signal detected from the heartbeat signal. 
[0012] 

The 4th invention is the sleep phase judging approach of the 3rd invention, and it is characterized by 
the 1 st index value being a value which carried out moving-average processing and which was 
calculated from the data of the standard deviation which asks for a standard deviation and continues 
from the data with which a respiration rate continues. 
[0013] 

The 5th invention is the sleep phase judging approach of the 3rd invention, and is characterized by 
the 2nd index value being a value which removed the high frequency component by calculating the 
moving average deviation over the short period of a heart rate, and removed the low-frequency 
component by subtracting the moving average deviation over the long period of time of a heart rate 
from a heart rate signal. 
[0014] 

The 6th invention is the sleep phase judging approach of the 3rd invention, and is characterized by 
being the ratio of the maximal value (LF) in the band of 0,05-0. 15Hz of the abbreviation for the 
power spectrum density of a heartbeat signal, and the maximal value (HF) in the band of 0.2-0.4Hz 
of abbreviation. 
[0015] 

The 7th invention is the sleep phase judging approach of the 6th invention, and is characterized by 
being the value of the signal which removed the high frequency component and the low-frequency 
component from the signal of the ratio of the maximal value (LF) in the band of 0.05-0. 1 5Hz of the 
abbreviation for the power spectrum density of a heartbeat signal, and the maximal value (HF) in the 
band of 0.2-0.4Hz of abbreviation. 
[0016] 

The 8th invention is the sleep phase judging approach of the 6th invention, and is characterized by 
removing a high frequency component and removing a low-frequency component by subtracting the 
moving average deviation over the long period of time of said signal ftirther by calculating the 
moving average deviation over the short period of the signal of the ratio of the maximal value (LF) 
in the band of 0.05-0. 1 5Hz of the abbreviation for the power spectrum density of a heartbeat signal, 
and the maximal value (HF) in the band of 0.2-0.4Hz of abbreviation. 
[0017] 

The 9th invention is the sleep phase judging approach of the 3rd invention, and is characterized by 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/2 1 /2006 



JP,2004-049838,A [DETAILED DESCRIPTION] 



Page 3 of 9 



judging the time of the index value after [ 1 st ] measurement initiation turning into below a 

predetermined value to be the time of hypnagogic. 

[0018] 

The 10th invention is the sleep phase judging approach of the 3rd invention, compares the 2nd index 
value with the threshold set up beforehand, and is characterized by distinguishing a REM sleep phase 
and a non-REM sleep phase by the size. 
[0019] 

The 1 1th invention is the sleep phase judging approach of the 3rd invention, is the combination of 
the size of the 1st index value and the threshold set up beforehand, and the size of the 3rd index 
value and the threshold set up beforehand, and is characterized by judging the depth of sleep of non- 
REM sleep. 
[0020] 

The non-invasion sensor which the 12th invention is sleep phase judging equipment which judges 
the sleep phase of the test subject under sleep, and detects the biomedical signal arranged on the 
berth, A detection means to detect a heartbeat signal and a respiratory signal from the output of said 
non-invasion sensor, An index value operation means of 1 to calculate the index value which judges 
a sleep phase from the standard deviation of fluctuation of said respiration rate. It is characterized by 
consisting of 3rd index value operation means to calculate the index value of a sleep phase from the 
power spectrum density which performed and obtained the Fourier transform from fluctuation of 
said heart rate to the R-R interval signal detected from the 2nd index value operation means and said 
heartbeat signal which calculates the index value which judges a sleep phase. 
[0021] 

The 13 th invention is sleep phase judging equipment of the 12th invention, and said non-invasion 
sensor consists of a fine differential pressure sensor which detects the pressure variation in a tube 
and a tube, and is characterized by detecting a biomedical signal from the presstire variation signal in 
the tube detected by the fine differential pressure sensor. 
[0022] 

The 1 4th invention is sleep phase judging equipment of the 1 2th invention, and said 1 st index value 
is characterized by being the value which carried out moving-average processing and which was 
calculated from the data of the standard deviation which asks for a standard deviation and continues 
from the data with which a respiration rate continues. 
[0023] 

15th invention is characterized by being sleep phase judging equipment of the 12th invention, and 
for the 2nd index value removing a high frequency component by calculating the moving average 
deviation over the short period of a heart rate, and removing a low-frequency component by 
subtracting the moving average deviation over the long period of time of a heart rate from a heart 
rate signal. 
[0024] 

The 16th invention is sleep phase judging equipment of the 12th invention. The 3rd index value The 
maximal value in the band of 0.05-0. 1 5Hz of the abbreviation for the power spectrum density of a 
heartbeat signal (LF), It is characterized by removing a high frequency component and removing a 
low-frequency component by subtracting the moving average deviation over the long period of time 
of said signal fiirther by calculating the moving average deviation over the short period of the signal 
of a ratio with the maximal value (HF) in the band of 0.2-0.4Hz of abbreviation. 
[0025] 

[Embodiment of the Invention] 

A gestalt is explained to operation of this invention with drawing at a detail. 
Drawing 1 is the block diagram showing the flow which detects a biomedical signal by the non- 
invasion concerning the gestalt of operation of this invention, detects a respiration rate and a heart 
rate from this signal, searches for dispersion of a respiration rate, and dispersion of a heart rate 
further, and judges a sleep phase using these data. 
[0026] 

As shown in d rawing 1 , the non-invasion sensor 1 detects the detailed biomedical signal of the test 
subject under sleep, and in the respiratory signal detecting element 2 and the heartbeat signal 
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detecting element 7, a respiratory signal and a heartbeat signal are detected through a filter etc. from 
this biomedical signal. 

[0027] 

From a respiratory signal, a respiration rate is detected by the respiration rate detecting element 3, 
and an index value is calculated by the technique of comparing with the threshold set that an 
experiment is also in the index value operation part 4 using this value. Moreover, an index value is 
calculated by the technique of the dispersion operation part 5 which searches for dispersion in a 
respiration rate comparing with the threshold which calculates parameters, such as distribution or 
standard deviation, and is set that an experiment is also in the index value operation part 6 using this 
value. 
[0028] 

Like processing of a respiratory signal, by the heart rate detecting element 8, a heart rate is detected 
and an index value is calculated in the index value operation part 4 from a heartbeat signal. 
Moreover, by the dispersion operation part 1 0 which searches for dispersion in a respiration rate, 
parameters, such as distribution or standard deviation, are calculated and an index value is calculated 
in the index value operation part 1 1 using this value. 
[0029] 

Thus, one is made into an index value at least among a respiration rate and a heart rate among the 
calculated index values, at least one of dispersion in a respiration rate and the dispersion of a heart 
rate is further made into an index value, and a sleep phase is judged in the sleep phase judging 
section 12 using these index values. 
[0030] 

Drawing 2 shows the example which uses the index value which searched for the R-R interval signal 
detected from a heartbeat signal, and was further calculated from the power spectrum density, 
combining it as an index value of a sleep phase in the block diagram showing the flow which judges 
the sleep phase shown in drawing 1 . 
[0031] 

The relation between the power spectrum density of an R-R interval signal and a sleep phase is 

explained here. 

[0032] 

Power spectrum density when dominance [ drawing 3 / the sympathetic nerve ] is shown, and 
drawing 4 shows power spectrum density when dominance [ the parasympathetic nerve ]. As for 
power spectrum density, the condition of the autonomic nervous system shows that a different 
modality is shown so that it may understand from now on. 
[0033] 

That is, the maximal value remarkable in the band (referred to as LF) of 0.05-0. 15Hz of abbreviation 
and the band (referred to as HF) of 0.2-0.4Hz of abbreviation appears. When LF is a value with 
small HF in a big value, the sympathetic nerve is active, it is shown that it is at the stress time, and 
when [ that LF is small ] HF is large, it is shown that the parasympathetic nerve is active. 
[0034] 

Although a heart rate decreases during sleep, it is because the parasympathetic nerve activity from 
which the sympathetic nerve activity which becomes active [ this ] at the time of stress falls, and 
becomes active at the time of relaxation increases. That is, the value of HF and LF changes with 
conditions of sleep. 
[0035] 

That is, the value of HF and LF which searched for the R-R interval signal of a heartbeat signal, and 
were further calculated from the power spectrum density can be used as an index value for the 
judgment of a sleep phase. 

[0036] 

Drawing 5 is the block diagram showing the flow which judges the sleep phase of one operation 
gestalt of this invention, and shows the example which carries out a sleep phase using the index 
value calculated from dispersion of a heart rate and a respiration rate, and the power spectrum 
density of a heartbeat in this example, in addition, drawing 5 (b) was seen from [ of drawing 5 (a) ] 
the arrow head — it is a sectional view a part. 
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[0037] 

The pressure detection means 1 consists of fine differential pressure sensor 1 a and pressure detection 
tube lb, and is arranged on a berth 16. He is trying to take the large range on the bedding which C2in 
carry out pressure detection by turning up tube lb several times, as shown in drawing 5 . 
[0038] 

As shown in drawing 5 , pressure detection tube lb is arranged on the hard sheet 17 with which it 
was covered on the berth 16, and it is covered with the filler sheet 1 8 which has elasticity on it, and 
although not shown by a diagram, it is covered with bedding, such as bedding for a test subject to lie, 
on pressure detection tube lb. In addition, pressure detection tube lb is good also as structure which 
stabilizes the location of pressure detection tube lb by making it the configuration included in the 
filler sheet 18 etc. 
[0039] 

Although fine differential pressure sensor la is a sensor which detects fluctuation of a minute 
pressure and uses the capacitor microphone type for low fi"equency in this example, it is not 
restricted to this and should just have suitable resolving power and a suitable dynamic range. 
[0040] 

The common microphone for sound is suitable for the capacitor microphone for low firequency used 
by this example for exchanging for not being considered to a low frequency field, raising the 
property of a low frequency field sharply by preparing a chamber belund a pressure receiving side, 
and detecting the minute pressure fluctuation in pressure detection tube lb. Moreover, it is suitable 
to detect the minute pressure which is excellent in measuring minute differential pressure, has the 
resolving power of 0.2Pa, and about 50Pa dynamic range, and has one several times the engine 
performance of this as compared with the fine differential pressure sensor using the ceramic usually 
used, and the biomedical signal let pass to the body surface, and was applied to the pressxxre 
detection tube 12. Moreover, frequency characteristics show an almost flat output value among 
0.1 Hz - lOHz, and are suitable for detecting a biomedical signal with very small heartbeat, 
respiration rate, etc. 
[0041] 

Pressure detection tube lb uses what has moderate elasticity so that an internal pressure may be 
changed corresponding to the pressure fluctuation range of a biomedical signal. Moreover, in order 
to transmit pressure variation to fine differential pressure sensor 1 a with a suitable speed of response, 
it is necessary to choose the volume of the centrum of a tube appropriately. When pressure detection 
tube lb cannot be satisfied with coincidence of moderate elasticity and the centrum volume, it can 
load with the core wire of the suitable size for the centrum of pressure detection tube lb covering the 
whole tube die length, and the volume of a centrum can be taken appropriately. 
[0042] 

The index value which uses a sleep phase for a judgment in this example detects a respiratory signal 
and a heartbeat signal from the signal detected with the pressure detection means 1 , and the index 
values from the 1 st for a sleep judging to the 3rd calculated as showed in the block diagram of 
drawing 5 are used for it. 
[0043] 

The 1st index value extracts a respiratory signal from the signal detected with the pressure detection 
means 1 in the respiratory signal detecting element 2, generates the standard deviation signal of a 
respiration rate by calculating the standard deviation in a fixed number of sampling values of a 
respiration rate every moment in the standard deviation signal operation part 5 further, and calculates 
and searches for it in the first-digit label value operation part 6 based on this signal. 
[0044] 

The 2nd index value is calculated in the second-digit label value operation part 7 with the heart rate 
signal which detected the heartbeat signal in the heart rate detecting element 8 from the signal 
detected with the pressure detection means 1 , and was subsequently detected from the heartbeat 
signal, and is calculated. 
[0045] 

The 3rd index value detects an R-R interval signal in the R-R interval signal detecting element 1 3 
from the heartbeat signal detected by the heart rate detecting element 8, calculates the power 
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spectrum density of an R-R interval signal with the power spectrum density operation means 1 4 
further, and calculates and asks for it by the 3rd index value operation part 1 5 from the power 
spectrum density of this signal. 
[0046] 

Heartbeat signal intensity is the signal which makes a variable wave-like (R wave) spacing of the 
neighborhood used as a peak, and an above-mentioned R-R interval signal is often used for heartbeat 
fluctuation analysis. The R-R interval signal detected in the R-R interval signal detecting element 13 
fi-om the heartbeat signal taken out by the heartbeat signal detecting element 7 is sent to the power 
spectrum density operation means 14. 
[0047] 

With the power spectrum density operation means 14, the Fourier transform is performed about the 
data of the continuous fixed number sent from the R-R interval signal detection means 13, and power 
spectrum density is drawn. Subsequently, the 3rd index value is calculated by the 3rd index value 
operation part 15. 
[0048] 

Drawing 6 is the flow Fig. showing the procedure of calculating the 1st index value in the 1st index 
value operation part 4. First, the sampling of 500 points is carried out for the standard deviation 
called for by the standard deviation operation part 6 of a respiration rate by time series, and it asks 
for the moving average. Subsequently, it considers as the 1 st index value by making so-called size 
binary from a predetermined threshold, using "1" and so-called smallness as "0." 
[0049] 

Drawing 7 is the flow Fig, showing the procedure of calculating the 2nd index value in the 2nd index 
value operation part 9. The sampling of 500 points is carried out for a heart rate signal by time series, 
and it asks for the moving average. Thereby, a high frequency component is removed. Moreover, the 
sampling of 6000 points is carried out for the same heart rate signal by time series, it asks for the 
moving average, and a difference with the 500-point moving average is taken. The external waviness 
component of low frequency is removable now. Let this result be the 2nd index value by making so- 
called size binary from a predetermined threshold, using "1" and so-called smallness as "0." 
[0050] 

Drawing 8 is the flow Fig. showing the procedure of calculating the 2nd index value in the 3rd index 
value operation part 15. The maximal value (LF) in the band of 0.05-0. 15Hz of the abbreviation for 
the power spectrum density of a heartbeat signal and the maximal value (HF) in the band of 0.2- 
0.4Hz of abbreviation are detected from the output signal of the power spectrum density operation 
part 14, and, subsequently the opposite numeric value (NLOG value) of the ratio of the two maximal 
value is calculated. 
[0051] 

The sampling of 1 000 points is carried out for an above-mentioned NLOG value by time series, and 
it asks for the moving average. Thereby, a high frequency component is removed. Moreover, the 
sampling of 6000 points is carried out for the same NLOG value by time series, it asks for the 
moving average, and a difference with the 1 000-point moving average is taken. The extemal 
waviness component of low frequency is removable now. Let this result be the 3rd index value by 
making so-called size binary from a predetermined threshold, using " 1 " and so-called smallness as 
"0." 
[0052] 

It is the graph which recorded the sleep phase taken out based on the result measured as drawing 9 
(a) is also for PSG, and drawing 9 (b) is the graph which recorded the signal (SDNB-move signal) in 
which the standard deviation signal of the respiration rate shown by drawing 6 measured to 
coincidence about the same test subject carried out moving-average processing. The 1st index value 
is acquired by performing binary-ized processing to this SDNB-move signal. 
[0053] 

It is the thing graph which put in order and recorded the signal (NHN-diff signal) which took the 
difference of two kinds of moving averages of the heartbeat signal shown in drawing 7 measured to 
coincidence about the same test subject as the sleep phase taken out based on the result measured as 
drawing 10 is also for PSG. The 2nd index value is acquired by making this NHN-diff signal binary. 
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[0054] 

It is the thing graph which put in order and recorded the signal (NLOG-diff signal) which took the 
difference of two kinds of moving averages of the NLOG value shown in drawing 8 measured to 
coincidence about the same test subject as the sleep phase taken out based on the result measvired as 
d rawing 1 1 is also for PSG. The 3rd index value is acquired by making this NLOG-diff signal 
binary. 
[0055] 

The sleep phase taken out from each above-mentioned graph based on the result measured as PSG is 
also was compared with the transition condition of each above-mentioned signal, and the criterion of 
a sleep phase was acquired from the value of the threshold which makes each signal as shown below 
binary, and the index value which was acquired as a result and which was made binary by analyzing 
correlation further. 
[0056] 

The judgment of a sleep phase is judged in the next Ruhr using the index values from the 1 st to the 
3rd. 

1) The judgment at the time of hypnagogic is taken as the time of an after [ measurement initiation ] 
first-digit label value being set to "0." 

2) When the 2nd index value is "1 judge with "REM sleep", and in the case of "0", judge with 
"non-REM sleep. 

3) Judge distinction of a shallow sleep phase (a non-REM sleep phase (the 1st and the 2nd step)) and 
a deep sleep phase (a non-REM sleep phase (the 3rd and the 4th step)) based on the table shown 
below by non-REM sleep. 

[0057] 
[Table 1] 
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[0058] 

After getting to know that the procedure of judging by following the above-mentioned Ruhr checked 
and carried out hypnagogic [ of the 1st index value having become "0"" ] first, it judges whether it is 
a REM sleep phase or it is non-REM sleep from the value of the 2nd index value. Subsequently, 
when the 2nd index value is judged to be "0", i.e., non-REM sleep, the sounding of a sleep phase is 
judged from the above-mentioned table with the combination of the value of the 1st index value and 
the 3rd index value. 
[0059] 

Together with the sleep phase taken out using PSG about the result of having actually judged the 
sleep phase, by this example, it is shown in drawing 12 . According to this result, as compared with 
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the judgment of recovery, REM sleep, and non-REM sleep, and the sleep phase by PSG, the rate of 

concordance was 77 - 87%. 

[0060] 

Although it was because moving-average processing is carried out in this example removing the high 
frequency component and low- frequency component of a signal, it may not restrict to this and you 
may process using the means of a filter etc. 
[0061] 

Moreover, although the index value is made binary in order to judge easily, you may judge by the 

comparison of size with a threshold. 

[0062] 

Moreover, in this example, what is necessary is just a detection means by which it does not restrict to 
this although it takes with a tube and the method of detecting pressure fluctuation combining a 
pressure sensor as a means to detect a test subject's biomedical signal by non-invasion, and the 
biomedical signal by an electrode etc. can be detected. 
[0063] 

[Effect of the Invention] 

Although it turns out that it is effective to get to know the condition of sleep and its quaUty in order 
to know a test subject-s everyday health condition, the present condition is that there are now no 
judgment approach of a sleep phase and judgment equipment which can be used easily [ the purpose 
of the individual health care ]. 
[0064] 

Since the sleep phase judging approach and the judgment equipment of this invention do not need to 
detect a heartbeat signal and a respiratory signal using a-less invasion detection means, do not need 
to judge a test subject's sleep phase by carrying out data processing of the output of this heartbeat 
signal and a respiratory signal and do not need to equip a test subject with the electrode for 
measurement etc., they become possible [ using it daily ], without applying a physical and mental 
burden to a test subject. 
[0065] 

Moreover, it is thought that it also becomes the index of the sleep phase at the time of sleep since the 
power spectrum density for which it asked from the R-R interval signal which the respiration rate 
signal and the heartbeat signal were closely connected with the condition of sleep, and was further 
detected from the heartbeat signal is a good index which shows the condition of an autonomic nerve. 
Therefore, the sleep phase judging approach of this invention of judging a sleep phase is equipped 
with high dependability from the activity of the respiratory signal at the time of sleep, a heartbeat 
signal, and an autonomic nerve. 
[0066] 

Moreover, the costs which the costs and maintenance concerning the configuration of this equipment 
take can offer cheap and suitable sleep phase judging equipment to use it daily. 
[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the flow which detects a biomedical signal by the non- 
invasion concerning the gestalt of operation of this invention, and judges a sleep phase using this 
detecting signal. 

[D rawin g 2] It is the block diagram showing the gestalt of the operation which applied the index 

value calculated from power spectrum density in the block diagram of drawing 1 . 

[Drawing 3] It is the explanatory view showing power spectrum density when dominance [ the 

sympathetic nerve ]. 

[Drawing 4] It is the explanatory view showing power spectrum density when dominance [ the 
parasympathetic nerve ]. 

[Drawing 5] It is the block diagram showing the gestalt of the operation which judges a sleep phase 
with the index value calculated from dispersion, the heart rate, and power spectrum density of a 
respiration rate to an index value. 

[Drawing 6] It is the flow Fig. showing the procedure of calculating the 1st index value in first-digit 
label value operation part. 

[Drawing 7] It is the flow Fig. showing the procedure of calculating the 2nd index value in second- 
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digit label value operation part. 

[Drawing 8] It is the flow Fig. showing the procedure of calculating the 3rd index value in third 
finger label value operation part. 

[ Drawing 9 ] It is the graph which shows the output of a first-digit label value. 
[Drawing 10] It is the graph which shows the output of a second-digit label value, 
[Drawing 1 1 ] It is the graph which shows the output of a third finger label value. 
[Dr awing 1 2] It is the graph which shows a sleep phase judging result. 

[Description of Notations] 

1 Non-Invasion Sensor (Pressure Detection Means) 

1 a Fine differential pressure sensor 

lb Pressure detection means - 

2 Respiratory Signal Detecting Element 

3 Respiration Rate Detecting Element 

4 Index Value Operation Part 

5 Dispersion (Standard Deviation) Operation Part 

6 1 st Index Value Operation Part 

7 Heartbeat Signal Detecting Element 

8 Heart Rate Detecting Element 

9 2nd Index Value Operation Part 

10 Dispersion (Standard Deviation) Operation Part 

1 1 Index Value Operation Part 

12 Sleep Phase Judging Section 

1 3 R-R Interval Signal Detecting Element 

14 Power Spectrum Density Operation Part 

1 5 3rd Index Value Operation Part 

16 Berth 

17 Hard Sheet 

1 8 Filler Sheet 
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* NOTICES * 

JPO and NCIPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the flow which detects a biomedical signal by the non- 
invasion concerning the gestalt of operation of this invention, and judges a sleep phase using this 

detecting signal. 

[Drawing 2] It is the block diagram showing the gestalt of the operation which applied the index 
value calculated from power spectrum density in the block diagram of drawing 1 . 
[Drawing 3] It is the explanatory view showing power spectrum density when dominance [ the 
sympathetic nerve]. 

[Drawing 4] It is the explanatory view showing power spectrum density when dominance [ the 
parasympathetic nerve ]. 

[Drawing 5] It is the block diagram showing the gestalt of the operation which judges a sleep phase 
with the index value calculated from dispersion, the heart rate, and power spectrum density of a 
respiration rate to an index value. 

[Drawing 6] It is the flow Fig. showing the procedure of calculating the 1st index value in first-digit 
label value operation part. 

[Drawing 7] It is the flow Fig. showing the procedure of calculating the 2nd index value in second- 
digit label value operation part. 

[Drawing 8 ] It is the flow Fig. showing the procedure of calculating the 3rd index value in third 
finger label value operation part. 

[Drawing 9] It is the graph which shows the output of a first-digit label value. 
[Drawing 1 0] It is the graph which shows the output of a second-digit label value. 
[Drawing 11] It is the graph which shows the output of a third finger label value. 
[Drawing 12] It is the graph which shows a sleep phase judging result. 
[Description of Notations] 
1 Non-Invasion Sensor 
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[Drawing 3] 
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[ Drawing 4] 
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(a) 



la' 
lb 



J 



1.3 



B 9 



3!i 3 <on^^ 



12 

1 



1 



< N 

ta lb 



18 



L 



16. 



17 



[Drawing 6] 



[Drawing 7] 
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[Drawing 8] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 12] 
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